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@ A three-way liquid vaporization valve (30) has a 
gas inlet (36), a gas outlet (37) and a liquid inlet. A 
carrier gas is received through the gas inlet (36) and 
guided into a reaction chamber (10) through the gas 
outlet (37). A source liquid (2) is received through 
the liquid inlet, passes through a passageway (38), Is 
vaporized and is mixed with the carrier gas. An 
elongated member (40) is inserted inside this pas- 
sageway (38). leaving a gap wide enough in the 
passageway (38) so as to allow the source liquid to 
pass through. The inner wall and/or the inserted 
longated member (40) is tapered, and the source 
liquid is prevented from accumulating inside the 
passageway (38) and hence can be vaporized 
smoothly when the valve is initially switched on. 
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This invention r lat s to an improved vaporiza- 
tion valve for a liquid vaporizer-feeder. 

Recently, t traetfioxysilane SiCOCzHsV in th 
following r f rred to as TEOS is coming to be 
seriously considered as a layer-to-layer Insulating 
film material for semiconductor wafers. One of tfie 
reasons for this choice is its superior step coverage 
because the rate determination Is by surface reac- 
tion. This is to be contrasted to the SiH^ deposition 
mechanism in conventional reduced-pressure 
ch mical vapor deposition (CVD). Another reason Is 
that SiKU is extremely reactive, and there Is a 
relatively high probability of an explosion. By con- 
trast. TEOS is safer and easier to store. Moreover. 
Its cost, as a source material, is expected to be- 
come lower in the future. 

Examples of CVD using TEOS include the 
reduced-pressure CVD, the normal-pressure CVD 
and the plasma CVD. If a reaction chamber is used 
at a normal pressure as in the case of a normal- 
pressure CVD method, a pressure gradient should 
be generated inside the pipes because the source 
liquid would otherwise not flow through the pipes. 
In the case of the reduced-pressure or plasma CVD 
m thod, the source liquid naturally flows into the 
reaction chamber t>ecause the reaction chamber is 
in a reduced-pressure condition. 

Rg. 1 is a schematic system diagram of a 
vaporizer-feeder for supplying a mixed gas into a 
reaction chamber. A semiconductor wafer is placed 
on a susceptor Inside a vacuum chamber 10 serv- 
ing as a reaction chamber. TEOS is passed 
through a liquid mass flow controller 20, vaporized 
In a liquid vaporization valve 30, mixed with a 
carrier gas, and sent into the vacuum chamber 10 
with oxygen mixed together on the way. A high- 
frequency voltage is applied to an electrode inside 
th vacuum chamt)er 10 to generate a plasma and 
to thereby form a Si02 film on the semiconductor 
waf r. In Rg. 1. MFC indicates mass flow control 
m ans. 

Examples of liquid feeder-vaporizer for vaporiz- 
ing a liquid source and mixing It with a high- 
temperature carrier gas to transport it into a reac- 
tion area such as a vacuum chamber of Rg. 1 have 
been disclosed in Japanese Patent Applications 1- 
322266 and 3-36707. Rg. 2 is a sectional view of 
th three-way valve 30 disclosed in Japanese Pat- 
ent Application 1-322266 for liquid vaporization, 
having an indented section with an op^en top. A 
driver unit 31 is disposed at the top so as to close 
this indented section from above. Use may be 
made, for example, of an air valve for accurately 
controlling th driv r unit 31 . Ih driv r unit 31 has 
a plunger 32 protruding downward from th center 
of its low r surface. The plunger 32 can be raised 
and lowered by th operation of th driv r unit 31 . 
A fl xibi diaphragm 33 is at th cent r of the 


ind nted section, and its peripheri s ar air-tightly 
affixed to the inner walls of th indented section. A 
passag way 38 for th source liquid is connected 
to a liquid mass flow control d vice LQ-MFC (as 

5 shown at 20 in Rg. 1) and passes vertically through 
the center of the base member of the three-way 
valve 30. A valve seat 34 is attached to the top of 
the base and sunrounds the source liquid supply 
passageway 38. The plunger 32 is aligned with the 

10 upper opening of the supply passageway 38 so as 
to be able to open or close this opening through 
the diaphragm 33. A control chamber 35 is formed 
below the diaphragm 33 and around the valve seat 
34. Generally L-shaped gas inlet 36 and output 37 

15 are provided on mutually opposite sides of the 
source liquid supply passageway 38, both leading 
to the control chamber 35. The gas inlet 36 is 
connected to high-pressure containers (not shown) 
for canier and reaction gases through an isother- 

20 mally heated pipe system. The gas outlet 37 is 
connected to the reaction chamber 10 through an- 
other isothermally heated piping system. 

Next, the operation of the three-way vah^e 30 
described above will t>e explained. As a source 

25 liquid 39 is supplied into the preliminarily heated 
supply passageway 38 and reaches the upper end 
of the valve seat 34, it comes into contact with the 
carrier gas and vaporizes to form a source gas. 
Since the source gas is carried away by the carrier 

30 gas as soon as it is thus generated, its pressure 
drops Immediately and. in order to make up for this 
pressure drop, the Incoming source liquid is quick- 
ly vaporized. By this sequence, of events, the 
source liquid continues to be vaporized and carried 

35 away, forming a mixed gas to be introduced into 
the reaction chamber steadily at a constant rate. In 
other words, a desired gas mixture can be obtained 
by such a three-way valve by appropriately control- 
ling the liquid mass flow controller 20. 

40 When use Is made of such a three-way valve 

for liquid vaporization, however, the liquid will boil 
when the plunger is raised to put the vah^e in the 
ON-condition because of the sudden drop in pres- 
sure along the liquid supply passageway between 

45 the three-way valve and the liquid mass flow con- 
troller. This will cause a mixture of vapor and liquid 
to occupy the supply passageway, and if more 
liquid is supplied through the passageway in such 
a condition, the incoming liquid will also start to 

50 boil. Thus, the flow rate of the source liquid deliv- 
ered from the three-way vah^e to the reaction 
chamber will fluctuate, depending on the mixing 
ratio between the liquid and the vapor, showing a 
rippl as illustrated in Rg, 3 although it should 

55 change ideally as shown by th dotted lin th r in. 

It Is ther fore an object of the present invention 
to provide an improved liquid vaporization valv 
capabl of controlling th tioiling of th liquid such 
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that th liquid can be vaporiz d stably and hence a 
sourc gas can be obtained and deliv red into a 
r action chamtier at a d p ndably steady rat . 

This object is solved by th liquid vaporization 
valve of independent claim 1. Further advantages 
features, aspects and details of the invention are 
vident from the dependent claims, the description 
and the drawings. TTie claims are intended to be 
understood as a first non-limiting approach of de- 
fining the invention in general terms. 

The invention provides a liquid vaporization 
valve capable of accurately controlling the supply 
of a liquid source, such as tetraethoxysilane Si- 
(OCzHsV (TEOS) for forming a thin film, into an 
apparatus for manufacturing semiconductor de- 
vices. 

An improved liquid vaporization valve embody- 
ing the present invention, by which the above and 
other objects can be accomplished, may be char- 
acterized as being like the three-way valve de- 
scribed above except there Is an elongated mem- 
ber with a tapered upper end inserted into the 
supply passageway for the source liquid such that 
the gap between its outer surface and the inner 
wall of the supply passageway is large enough to 
allow the source liquid to pass through but narrow 
enough to control its flow rate. According to an- 
other embwxJiment of the invention, the inserted 
member is not tapered, but the inner wall of the 
supply passageway for the source liquid is tapered. 
Within a three-way valve thus structured, a gap is 
formed between the inner wall of the liquid supply 
passageway and the external peripheral surface of 
the inserted member, and such a gap, when appro- 
priately adjusted according to the rate of flow, 
serves to stabilize the boundary surface between 
the gas and liquid phases, thereby stabilizing the 
rate of vaporization. 

The accompanying drawings, which are incor- 
porated in and form a part of this specrfication, 
illustrate an embodiment of the invention and. to- 
gether with the description, serve to explain the 
principles of the Invention. In the drawings: 

Rg. 1 is a schematic system diagram of a 
vaporizer-feeder for supplying a mixed gas Into 
a reaction chamt>er; 

Rg. 2 is a sectional view of a prior art three-way 
valve for vaporizing a source liquid and mixing it 
with a carrier gas; 

Rg. 3 is a graph showing the ripple in the flow 
rate when the valve of Rg.2 is opened, as well 
as the change in the flow rate in an ideal situ- 
ation; 

Rg. 4 is a sectional vi w of a three-way liquid 
vaporization valv mbodying th pr s nt inven- 
tion; and 

Rgs. 5 and 6 ar sectional vi ws of portions of 
oth r three-way liquid vaporization valv s m- 


bodying th present inv ntion. 
Rg. 4 shows a three-way liquid vaporization 
valv mbodying th pr s nt invention, many com- 
pon nts of which ar substantially id ntical or at 

5 least structurally similar to those described at>ove 
with reference to Rg. 2, and hence are Indicated 
by same numerals and will not be explained again. 

The valve shown at 30 in Rg. 4 Is distinguish- 
able from the prior art valve of Rg. 2 wherein an 

10 elongated member 40 is Inserted into the passage- 
way 38 for the source liquid. According to the 
embodiment of the invention illustrated in Rg. 4. 
the elongated member 40 extends in the direction 
of the passageway 38 and tapered towards the 

75 plunger 32. Ihe gap created t>etween the outer 
peripheral surface of this member 40 and the tubu- 
lar inner wall of the passageway 38 is large enough 
to allow the source liquid 39 to pass therethrough, 
and a dead space of a controllable volume Is left 

20 inside the passageway 38 at>ove the member 40. 

In using the valve 30 thus structured, the elon- 
gated member 40 is adjusted such that the bound- 
ary surface between the gas and liquid phases will 
be at an appropriate position with respect to the 

25 member 40. If the plunger 32 Is thereafter raised to 
put the valve 20 in the ON-condition, the source 
liquid is vaporized smoothly by the carrier gas, and 
the vaporized source gas Is mixed with the carrier 
gas at the top opening in the valve seat 34. The 

30 mixed gas then passes through the gas outlet 37 to 
be Introduced into the reaction chamt>er 10. 

The abrupt initial rise of the flow rate (or the 
so-called overshooting phenomenon) as the valve 
is put in the ON-condition, which causes ripples as 

35 shown in Rg. 3, can thus be eliminated by appro- 
priately controlling the volume of the aforemen- 
tioned dead space formed between the inserted 
memt)er 40 and the diaphragm 33. Various shapes 
for the meml)er 40 are acceptable, but those with a 

40 rounded end are prefenred over those with a sharp- 
er end t>ecause the overall length of the passage- 
way 38 can t>e reduced. The position of the mem- 
ber 40 Is preferably such that the distance t)etween 
its top end and the diaphragm 33 will be small 

45 when the valve is in the OFF-condition, reducing 
the aforementioned volume of the space. The rea- 
son for this choice is that the source liquid, which 
accumulates while the valve Is off, is prevented 
from being supplied at an excessive rate, thereby 

50 eliminating the occurrence of the aforementioned 
overshooting phenomenon. Vaporization of the 
source liquid itself can also be controlled by adjust- 
ing the position of the boundary surface between 
th gas and liquid phases. Sine vaporization can 

55 thus b carried out smoothly. It is possibt to 
supply a source gas at a constant rat without 
causing ripples of the kind shown in Fig. 3. 
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The embodim nt of th inv ntion d scribed 
above with r ference to Rg. 4 is not int nded t be 
llmitativ . but rath r as being illustrativ . Many 
modifications and variations are cone ivable within 
the scope of the invention. For example. Rg. 4 is 
not intended to show a preferred shape of the 
inserted member 40 for partially blocking the pas- 
sageway 38 or a prefenred configuration of the 
passageway 38 Itself. The member 40 need not be 
shaped like a bullet as shown in Rg. 4. It may be 
shaped like a cone with a rounded head as shown 
in Rg. 5 and the passageway 38 may be uniformly 
tapered near the top as the same tapering angle. 
This embodiment is particularly preferable because 
the cross-sectional area of the gap through which 
the source liquid travels can be controlled more 
accurately by adjusting the vertical position of the 
blocking member 40. Rg. 6 shows still another 
embodiment wherein the inserted member 40 is 
not tapered. 

In summary, liquid vaporization valves accord- 
ing to the present invention are capable of prevent- 
ing a liquid from accumulating inside the passage- 
way such that there Is no oversupply of liquid when 
the valve is switched on. As a result, ripples of the 
type shown in Rg. 3 will not occur, and the 
vaporization of the source liquid can take place 
smoothly. Since the source gas can thus be sup- 
plied at a constant rate into the reaction chamber, 
yl Ids. for example, of semiconductor wafers man- 
ufactured therein, can be significantiy improved. 

Although the advantages of the present inven- 
tion have been described above with reference to 
Its application to the supply of source liquid to an 
apparatus for the fabrication of semiconductor wa- 
f rs, it goes without saying that the present inven- 
tion is applicable widely in chemical industries and. 
in particular, to the liquid vaporization valve of a 
vaporizer-feeder for transporting at a high level of 
accuracy a liquid such as alcohols and organic 
acids to a reaction chamber in a reduced-pressure 
condition. 
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comprises an longated tapered m mber. 

Th liquid vaporization valv of claim 1 
wh r in said flow rat controlling means com- 
prises an elongated member (40) without a 
taper and said passageway (38) has a tapered 
inner wall. 

The liquid vaporization valve of claim 2 
wherein said passageway (38) has a tapered 
Inner wall. 

The liquid vaporization valve of any one of the 
preceding claims, which is a three-way valve 
(30) including a gas inlet (36) and a gas outlet 
(37). 

The liquid vaporization valve of claim 5 
wherein said downstream end of said passage- 
way (38) is opening to a gas conduit between 
said gas inlet (36) and said gas outlet (37). 


Claims 

45 

1. Liquid vaporization valve (30) for mixing a car- 
rier gas with a source gas obtained by vaporiz- 
ing a source liquid, said valve comprising a 
passageway (38) having a downstream end for 
allowing said source liquid (2) to pass tiiereth- so 
rough towards said downstream end. charac- 
terized in that said passageway (38) contains 
means (40) for controlling the flow rate of said 
sourc liquid th r through towards said down- 
str am end. 55 


Z The liquid vaporization valv of claim 1 
wh r in said flow rate controlling means (40) 
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